
-i?

:.
=
--
.
“

n
,.

w

d..

&
w

n
w

.



I: A(:I((;  I<(NJNI)

‘J’IIc. (~SI~ is full(lcd  iIy tlIC NASA f)flicc  of Aciw+llcc{i (kIIR])ts  aIId ‘J’ccIIIIolo/I,  }”S” lN-S’J’iil’  aIId
111:111 :l[’,  (’(1 l)y tllc 11’1 ?. II UF,IICS c(MI(civcd  IIIC CAIWI  iIIIrIIt atId coIII])lcIrd IIIC cq~livalrtl{ l’lIa\c  A
:~c[i~’i(y  out~idc  of lN-.S’I’1il’  lIIIOU{I,lI  t)()[tl  {O,()\JCIIIIIICIIt fllll(lcd  all(l ill[clll:il  IL’s(%lcll  ;111(1

(lc.\’c.l(I] )lllc.111  ])10[ ’,1 allls. llu[:lIc.s  lIa\  coIIIjJlc.[cxl  l’l Ia\c l; (Iilc<llallic.:(1, tllC.I Illdl  :111(1  Cl(l.ti  ic.dl
(1{”.si~,li act ivi[ic.s),  l’IIasc  (Y] J (fal)l  ic.:i(c, :IW. II II IIC, lcs(j  ard deli\’cI lIIc. (:S1’. (O (iwld21d S]mcl’
l;lij’,lll  (:cIItcI),  arid \\’ill  su]ym( tlIc ]nl.-flij:llt,  fli[’,111 alId ]ms(”fli[’,111  d~tlfi alitilysis  :Ictik’ilics  fol
I;li/’,lll  1 0( tl]is two fli[’,llt  Cxlrliltlcllt, ‘1’lIc (:Sl~ is CUl I($lI[ly at tlIc (i(d(l:(l(l  SImcc l;lifj)l  (1.lIlcI

((iS1’(~) aw{ilill~’,  illkf’,ld[ioll  0111(~  a liitcl]l]ikcu  (loss-lI:iy  (41]i cl.

‘I’l IC ()\’1’litll  {’,021  of tlIC CXlj is  10 valid;itc.  [111(1 Cll:tlaClcIi7C.  tllc oll-o]bil  ]~C]  f(lllIIjIII(X  of (Ill cc.
tlIcI II I:tl II IaIIa[’,CIIICIIl WJlimlo[’,  ics tlI;tl COllll)lisc  a Ilybl  id clyof.ctlic  syst(’111.  ‘J’ilcsc  tll~l 111~1

lII;III:I/’,cl  IIc.l It tcdltmlof,ic.  s COllsis[ of: 1 ) 2 scmlId  [I, CIICI fiti(~ti  lotI~,.  life, I(l\\’-\’il)lati(lll,  Stitlitlf’,-
c.yclc,  f,S K CI yocoolcI  tlIfil  \\’ill  Iw used to cl IaI/I,c. 2 llIcI 11121  CIICI ~,y S[oldf’.c (Icvic(  (1’1<1’), 7)
:~ (Ii(xlc oxyfI,ci  I lwat IJijr. tlIc.I II Itil swilcll  tlIat  cII:tl  Ilc.s j]llys  ical Scj)atatioll  IKIVJ(T II a c1 yof,ci)ic
]~’.f]i{’,clalol alI(l ‘1’1<1’,  alI(l 3) a ]lilio~’,cll, tliJllc.-l)(lillt  lIICIIII:II  clI(lfI,y  s(OIii[I,c  (Icvi(:(’. t(I I)lllvi(lc
a slal)lc  cly(~[’,cllic  tcIIIjrItIlu  IL’. s(nl Icc.. ‘1’tlis  c~]rtiliwlll  i s  lIcmss31y  10 ])l(widc a Ilif’,11

c(ulf](ktlcc.  2CI0 ~, (ialal):iw  fw tlic fu[ul(’ d[’sif~,ll of c]yo[’,cllic sys(cIIIs fw lllulti-yutl  s]mcc. flij’,llt
a])j)licali(~lls. “1’lIc.  l e v e l  of Collf](lc.llcc  that v.’ill  l)c. l) Iovi(lc<l  lIy ttlis Cxlwlilllcllt  is al I ill]jml  (211t
N A S A  aII(l lxI1) ]cq(lilc.illcll(  ])Iio]  t[I Illul(i-yral  ]Ilissiorl  co])ltllitllwllt. ‘1’tlc (:S1; ill~lsllalcs  aII
illl]mt  (i\lil  t)’lr  of N A S A  sJm(.c.fli[’,llt  cxlmlilllc.llt  ill wllic.11 aII clilclf,ill~:  tcc.lIIIolo/I,y”  is vtili(lii[r(i
10  }]tovidc.  llIc. ()~)ti()ll  fo]  s11bsc4111c11[  al)l)licatioil  ii] Iw:tl-fut(llc:  sJMC(’. SyS[clll  (ICVCI(llIIIICIIIS.

lN’I’J{OI)II(:’1  ’10N”

ltI tl]is cxl)c.lill]cllt  two tyj)c.s  (If c.(mlms  alit  Usul, ‘J’l Ic. flls(  is a Stillili[’,-cycle., llu~I,l  Ics lollj’,]ifc,
I()\\’-\’i\)]tili()tl,  6S K, 2 W, 1SS[1 suilalj]c  foJ ]I]ul[i.yea] sjmcc. Iilissiolls. ‘J’llc kdlllo]q’,y b(’lldlts
aILs.  si~’.l]iflcalll  to a IIIIIIIbC.r  of sciclm  itlstrulllctlts  sclmkxl fol NASA’s lkI III (XJsc]vill[:  Syst(’111
(1 ‘<)s) itlstluillc]lts  ali(l a lIUIIIhCI of sjmcc.  ]ccotlllaiss:iilcc  il]stlullwtlts. ‘I’l Ic. lltlit  cotlsis[s  of a
co III IHcss(n co II IIcdcd 10 aII CXIMII(IO bS a Ildtlsfcl  tok, slIowII  ill l;i~,. 1 ,  wd llIc Colltld
elcdlollics.

‘ll Ic. Sccotld  (yjw of c] yoc.oo]c.~ is a 1 lil~I,lIcs  rcItaIy  ]Ilotioll, taclical  JIislol].(llivcfl  Stirlill[’,  Coolcl.
‘J’tiis  tactical  coolu, slIowI irl IJi[?,, 2, lIa\ lwcII (lcsi~’,[lcd  lIy llu/’,lIc.s  (O lIavC. a lclativ(’ly  lHI1’,C
C(mlillf,,  Cal):lc.ity  all(l  ;Itl ant iciJxttul  life. 011 tlIc ()] (ICI (If 1 (W 11(~111s. ‘Illis  coolo  lIas suc.ccssfully
fl(wll (~rI  ~)1 (.viol]s Shl]l[lc  fli~,llt C.xlri ilncll[s  to S(IJ)]KJI  I  a  ]aj)id  C(ml(l(wli  to c.]y(}~’,cilic
tclllj)clat(llcs  allowil]i’, II IOIU. Iilllc. f(ll llIc acl(ldl cxJK-li[ll(31t  ( ( I  lK l)clfc)t[ild  al c]y(l~’,cilic
I(illl)cltililrc. 11s 1)1 CdCC.C.SS(IIs  tlfivc.  lWCII usd !() ((ml sc.t  Ist)Is  irl fii]c. rd(t alI(l Illissilc.s  J!’lICI c.
]Ilccllatlical  ]ollustllcss  aII(l  illscllsitivity  to Vi[)]dti(lll  a[c.. kc.y ]c4juil~.llwtlts.

l:ij~,(l](  3 i s  a block (Iia[’,  rdi)l  of tlIc. C%):.  witil  (lIc  1SS[: co1111cctc41  10  tllc  Siltllllatcd  ‘ 1 ’ 1 < 1 ’  II12ss

tlllml[’,11  a tllcllllal  IIcat  Slld]), otIc. tactical  c(I(IlcI  i s  c(I]IIIcc.[cd  tlIIoufI,lI  tlIc  d i o d e  oxyjI,cII IIcfit
))ilw  to tllc (I])jmsilc  si(lc. o f  tl}c  silllulatcd  ‘1’1<1’. ‘1’tlis  I)llysical  aTldllf’,cl)}cllt  was sc.lcctul  10
]cxlu(:c ]isk slIolll(l  a fail(l]c. oc.clII i!’iltlill  ltlc Ilca( l~i})c 01 IIIC lSS(~, III al I Oj)cldtio]lal  sys(cIII

tlIc.  (Iio(lc.  oxy[I,clI  t)cat  l)ilx’.  uwuld [w l(ulrd l)ct}t)cc]l  tlIc  ISSC: ;III(I tllc tllc] 11121  c. IIcI~,y stoIaII,c
(Icvicc..  A SCCOIId tactical  COOICI is IISd to lllil]itt]i~c.  ]m[asi(ics  by cmlill[’,  a ]adiatio])  sllicl(l  to



11’Jy,III c 1. IIUCIIC.S lo~l~-life, lc)\\’-\’it)]a(ioIl,
65 K, 2 w ,  llll])l(lw’d Sulll(lal(l
S])m.cl aft (:1 Jw’oolct (1ss(:).

1~1~,111  c 2. lluf,lIc.s  hfo(lcl ‘/044 11 Iac(ical
(’l y(wolc’1 .

a tcII\]K-.IiItu  Ir. of aly)]uxilllatdy  1?0 K. III a II(M-sl  Iutllc. flif’llt  SyStCIII , sllid(l  cw)litl~.  is \I,C.[Iutilly
})1 (Ivi(lcd by R C.]yof,c]lic.  I a(liato].

l;if.u](’.  4 slmvs tlIC. CX]’ Incdmllictil  awlIIbly  atlxld  to tlm ul)peI  CII(I ~)latc. ([11 ;1’), ‘1’k 1SS(:
;iIId  (WW taclic.fil  c.oolc Is ale. IIcat sul Ik to tlIc lll:.}’  tlml acts fi$ n ]d(lialoI. ‘1’lIc  ]r.llmiti(lcl of tlIc
Cx]wIil  Ilcl It is COIIII(TWI to bi~wds  tlll(nl[’,11  sul IJml[  alId  ballast  lil]~, S tlIat  SLIJI}K)I(  tlw rd(lialio[l
sl]icl(l aIKl siIlllllatC41  ‘1’}<}’,  iIII(l  tlIc  C.allisto clcztl(~liics  lI(Ix, wllic.11 Coiltailis scIIsoI  si[’,llal
C(lIl(iitiorlillf,  Cilcuitly. ‘1’lIe  mltilc. ]Imlmllic.al  awCIIIbly is ii[tadl(.41 to, o] susjmIdd  f[olll, tile
111:}’ aII(l sm.uIc41 in a 5 f13 wilistcl. ‘1’tlr callislu aIId IM’O dcz(lollicx  boxes ale. lII(lul Ild olI ii
Cl(mbay IIitd]lliko  Cal IiC.] awCIIIl)ly  v’itll  scw]al  otl Io Cxjmilllctl[s,  as slI(wlI ill l;i~..  5 .

AII iIl}]w] [aIlt [III (1s[ of tlIC. (Xl:r is tlIC itltq’,]dtiwl  of tlI(’. C.ly(woolos  illt(l  this c.lyo~,cvlic sys[C.111.
Not (JIIly IIIUS[ tllc CI yocxmlCIs IIlovidr  tllc lIcCc.ssHIy molill~’,  C;ilmc.i[y,  tllc.y lIlus(  also Iw
tlicll]lally,  I[wclmllimlly,  ~dlysimlly  atId CICCtliCtilly  Cwllllmtilllc.  V,’itll  tile.  lvs{ of tllc. ilisltullwilt.
As loIIjI,- life., lc~~+’-~’it)lii[iotl  CI yoc.oolc.  Is tratlsi(iotl  f](~ll]  aII C. IIIC.I  {I,ill{’,  to aII umblifq’,  t(dillol(l[’,y,
tlIc focus shifts flotll  wolCI lwlfo]ll~:tilw  issurs  (volilIIIc, II Iass, tllclllml,  illl)ut/out~]ut  ImWI,
C.lc<tl  ical)  to s}’sklII C.ollllmtibilitv  atI(l illtc.p,tdti(lll  iss~lcs. ‘1’lw followiilf’.  sm[iolls  sullllimli7C.  tllc.

MC)LIN1 INC+
t lA.Nc~t

itltq’,lal~orl  I)lIaw of this sllllttlr.-  flif’,llt  CxJKvilll(ull.
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l:l~,lltc 3. (’lyo SystrlII l;k[)c[i[llc.l)l t)lockdiaf,[alll
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1~1~,111(’  4. ‘J’l IC(’SI Illccllal]icdl  ii\  SCllltll~ :it(d(’111’<1  to tll Cll~l])C’1  (’1111  ]Ildlt’.

l:ifI.lltCS.  (hyc)Sys[cIII  l.k])cIi IIIcIIl  IIIOUIItCd  OII a IIi(cl]llikc.r  cIoss-lmyc211icI  witllill  tlIc
(J]hitc].



1:’i~,llr c 6. IIc.a[ IJilm  tac(ical  (lmlc[  C. XIMII(IC[, itl(c.[  fac.c. IIIaW,  aII(l  tlICIIIIal sI14]).

1,AllN(:Jl Vlltl{A’J’JON

A key C.lHIIICIIF,C  was to IC.SOIVC tlm issue of lauIKII  vib~~tioll  aIId the. iII~lmc.t  to tlm CI yoc.oolo
cxlmIIdc.Is.  ‘l’tie cxl)hrdcl  cokl  fluf,c.], a IcJati\’cly  tllitl-wall,  lIcdlow tube. irl which  tllc. cxlmu(lcl
])is[(m slIuttlcx,  is ncccssalily  thin to lliitlimi7.c.  paldsitic  tlm iiml  lm(ls  duc to axial lIcAt  tiai]sfcv.
AI III(~u~,lI  by itself  tllc.  CX}MIKICU  cold fiII~,c.I  I my k c(msi(lc.~lxl  Ic.lativcly  Iobust,  it is IICC.C.SSHI  y
to ildu(lc  a tlIc.I IWIl tl aIlsfe.I patlI to plovi(lc.  c(wlil]~,  to tllc. load. ‘1’his is acmlli]disllcd  by alI
illtc.I fac.c. bc.twcc.11  tllc. C.xlml](lc.  r cold-till  (usual!y  a c(jJI]Jc.1  block) ali(l  a flc.xible.  tllc.]  IIlal  S(I al) to

l)I(wi(ic.  a IEtth to the tllc.I 11’Itil  load. Shown iII 1 ‘i~.ult.  6, fol Cxalli])lc,  is tllc llcat  pi~w. tfidic~l
c(m]c.1 Cxlmli(lc.1,  intcvfmx Inass, aIl(l tl]o IIIal stldlj. SIIOWII il] ‘J’able.  1 aIc the wall tllic.klmsc.s,
c.xl)audcu Illatclial,  and sul)lml [cd intc.1  fac.c. lIIassc.s  fit tlw c4)ld-ti])  of cacl I tyJw of coolcl.

‘J’h si~xble.  ilitc.1 face. maws at(acllcd  to the cold f]llf,c.~  tij) CWI mcatc a sif,l~ifw.a!lt  dyllalllic  I(HKI
(JrI tl]c.  Cx]mli(lc.1 Cold fll]/,C2  dulin~,  laUllC1l. Afkr co[lljdc.till~,  OIIC. axis of tlw. tlilm.-axis  vihati(ul
test, tlIc. I a(liatio]]  sllie.hl  (J<S) c.00IcI (lid ]mt ~mfo]  III cm ICC(1 y. Subsqucllt  illvcs(i~,atioll  of tlIe.
llaldwal c. and Ic.lnoval  of tllc.  1<s Cc)c)lc.[”  lc\~caled  a cIack at tllc. base.  of tllc.  C.xpall(kd  that ICslllk’d
ill lms of hc.liulll. ‘1’lIe.  cxjm II(lc.1  cold fin~,c.j  was lc.l Ilx.c41  usiil~, lmt 1s fml]l  a S])al c. tactical

cry(w.oolcv. ‘J’hc.  c.00IcI  was ]c.-ins[dl]c’d  onto  [IIc. 1]1 ii’ of tlIc. Cwlisku. “J’o ]HCVC.11[  future.  daII12jI,C

(Iuc to tlIc. launch  vil)ratiolls,  all tl]lcc of tlIc. cx}mII(lc.ls (1 SS(:, )a(liatiol~ sllicld,  aid I] Cat ~)iJm
o yoc.oolas) wc.rc flttc41 w i t h  ccmstldil]t  Illcdlallisllls  (Icsip,tlcd  to lilllit  cold fltl~,c] Ilmwllwlit.
SII(nvII  fo] c.ac.11 of tlm c(mlc.Is i]l ‘1’ab]c 2 ,  wi th  aIId witliout co]istldi]lts,  alc tl)c allticilwtc4i
t)c.ldil]~,  shcsscs on tlm cdcr cold f]]l~.c.ls duI iII~, lautIclI. ‘J’~lc. systc,lli  was  subsc<]uetitly  vil)ldtd
to 1)1 do flifjlt qualiflcatioh  lc.vc.ls without imi(kmt.

‘J’al)lc 1. (:I yocoolcI  Inatcu  ial, wall

(:( IOIL’I

1ss(:

“I’act ical

I;xparIdc.I llmtc.lial

tllickllc.sscs,  atd SuJqWI lc41 cold- ti]) llia SSC.S.

I;k]):{lI(lCI wall tllickilc.ss hiafs SIIIIPOIICII
a( cold-till

Stairllc.ss  std, 1’11 1S-5 -- ().1S? 111111  (-- 0.006 in) 150 f, (().55 It))

Stairllr.ss  s(c.d, 1’11 15-5 --0. 1S2 111111  (-- 0.006 ill) 164 ~ (().36 lb)



‘J’al)k 2. Sbcss sulIIIIIhly fw tactical  cdcv am{ ISSC cold cyl inders .

Cml)pollm

‘1’ac[ical  c.mlc.r cold

1SS(: cold cylildcl

cylitdm

Ofifliwd  dcsi~ll

I’IC.SSUIC -1 l)yllalllic.  load

o ,), !. (hf.S.)Y  (M. S.),,

13-/.2 -0.24 - ().:+”/

11 108.4 0 . 0 7 ().()2

Rcvisc41 dc$iflll  u’/coItstraittM

I’I cssuI  c. -1 l)yllall~ic  load

o 0.!, (h4.S,)Y ( h I . S . ) L ,

55.5 1.1 ~,gg

I 100.6 0.1s O.1O

fm llIc  lSSC, and [me. for tllc.  tw;) lactical  u ywmlc]s.  S1]OW’]1  i]i lii~, 7 is tlw. k.sify]  fw the
1SS(1. Nok t h a t  tlIC ()]icmtati()li of (lIc.  flbxplass  II MtC.I  ifil II~us[  LX considmcd  to acc.ouIIt  fol

(ii ffcvums Icsu]tinf,  f]o]n tlIc.III]al  cc)]ltractio]l/c.xl]  alJsic)l].

1SS(: I)IAGN[)S’1’IC  M} CASURMMIINJ’ CA1’ABII.I’J’>’

Collfact  rc<idalwc

‘1’k }lu@ICX  1SS[;  w a s  (ie.si~,lmzi  wit}) w r y  c1oSC. tOlc.lal  Kn, Ilc)ll-cc)Iltac.(i[lg,,  II Ic.tal-10  ]Ilctal
sulFdc.cs  Mwczli  tlm c.xl)an(ic] rc~,c.licrdtOr  an(i its cyli II(i I ic~l cOl(if]llf,cl  si(iewal i, 1 nc.1 u(ic~i  in

tllc. (ic.si~,ll  is al) C.lcd[ical  )c.sislfit]cc  lllCaSuIil”lp,  c.i]mit  tlmt  i]dicate.s  alIy lIlc)]ne[Itary  01 l) Iol(mf,d

co]ltad  bc.twcm the. c.x]lall(ie.l ]cf,cwc]ator  all(i  its cylin(icr  si(imvall,  m its c.IIci stops. ‘lhis c.ilcuit
Ilas  JIlovui  c.smltial  in a IIIII]IIxI  of (iia~,tlostic  situatio]]s  ciulill~,  tlIc. sys(cIIl  illtcf,Idti  Ol] III m-ms.

l;OI cxarnldc.,  (iuIir]p,  itlitial  syslc.in c.llec.kc)ul,  tllc. 1SS(:  cxlml I(ic.I l)isk)fl was bcill~,  sll OkcLi Ilsil]p,
(iC Iwwc.r 10 VC1 ify OIw.JatiOn l)] i(H to a fult syslcm  Cmldmvn. Whe.11 tlw piskm alqlloacld  to
wit }]in ?() % of ]ilaxill]um  stl ok, c.mltact  bc.twct.n tllc.  TC?,C.IICJ  atol firl(i  cold fiIIfI,CI wall was
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a ) .  llufI,lIc.s lSS[~  vib]alion c.o[lstldillt. b). llu~,lw.s  ISSC viblatioll  c.ollstl  difit illslallcxi
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a ) .  No contact  w rlrap,. b). l;riction  at lIIaxilIluIII ]msitive stIokc of
COIII])IC.SSOI  A ,

]fig,utt 8. 11 ysbxcsis  II1OK of piston  jmsition  as a fuuc[iml of cLIII ellt.

OIJsc.rvc41. ‘1 ‘lIc cause., (icscribd
load i]nlmed  cm the cold finf,cr
at(achin~,  tllc Inodiflcxl therlnal

in dc.tail in the. next scctioli,  lcsulted  f]ol)l  al I exczssive.  side
by the Illclmal  StId]). ‘1 ‘k cil euit was also useful whcm Ic.-
slIap to vc.r i fy  accq)tab]e.  s i d e  lmds  on tllc cold fIII~,c.r.

Additionally, the cimi[ was invaluable duI iII~, sys[e.m illte.f,lation  to verify no-contact in the frIml
as-bnilt  slate and (Iuling c.[l\’ilOllll]c.]ltal  C.xtre.l]lc.s.

IIyslcresis

‘1’lIceoolcl  c()]ll])Ie.ssc)  rall(lc.x]]arl(lcI(  lc.si~,llsil  lccJ]l)()Idtetll  c.ca]lal)ilitytc]  llsc.tll  c])c)sitic)Ilclf  tllc.

])is((m  as a function of dlivc,curIcnt to O{)(aitj  a l)lc)t  of tile hyste,rcsis  or drq, of the ~)iskms
ar,ainst  the. cy]inclc]  sidewall, l:ip,u)c  8 shows  twc)c.xmple.sof  hys[ercsis  plots  in which liif,.
M rcpIcscnts  a normal  Ic.sponscwith  no flit.tion m ccmtac.t at e.itl~erc(~]l~~)re.ssc)r  A 01-}1 or at
t h e  cxpmlcu CM its Manccx,  ad l;if,. N) )cp]mcnts  fr ict ion w dra~, cm co]]llmc.sscw  A at
]naxi]nuln  ])cmitive.  stroke. and drap,  stallill~, to oc.cwl  on (Xll[i])Ic.Ss(>l  11 a t  lnaxillluIn  nc.~’.dtivc

stlokc.. ‘J’t]iscircwit  was used thr(m@(mt  systc.in intc.~,ltiti(m  tovaliclatc.c c)c)lc.I  ckutmccs bc.fm
aid afleI Cml]l}mnc.nt and sys(cvn vib]aliclli  and tlw.~lnal  vacwum  tc.stinp,. ‘J’his  validation is tl]c.
Oilly lncansto  rm]firII] that tllc.cc)]l-ll)rc.ssc)l  ~)iston  suslmnsiotl  systun  is OJmatinf,  satisfwtOlily
follmvi]lp, systcln  intq,laticm ad qualiflc--alim tc.s(s.

lII(;l  I-C[)N41’1.1  ANCIL ‘I’l IINMA1. S’J’J{A]’

1 )csif,[l Of tllc.  the.]  Inal stla})  cmncdinf,  the. cmckr cdd-til) to the m yO~,cllic load Inus[ be. earcfu]ly
c.c)llsidcv  c41 to achieve. system pc.rfor  lnallcc.  f,oals. ‘1’llc two c1 itic.al  cllaldctc]istics  Of tlw stla~)
ale. tile.] mal cmductaw.c  ald  Iliecllallical  stiffllc.ss. It is desirable. that tllc. cOIIductancc br high
(> ().S W/K) due. to the str-m~  dclmdcnce. of c.00Ic.I cffrc.icmy  m c.dd-ti~)  tcln~)e.]dulc.,  aIId that
[Iic s]u inp, lam bc km’ clue. to the. scmsitivit  y of the ex}kwdm cold fi[]gcr [0 mccl]anical  side. loads.
II is ilnjm  laflt tli,al  tlmc two Ccmflictinf,  allml)ativc.s  bc carcful]y  e.valllatd wlIe.n dcsigllinp,  tl]c.
the.]mal stral). ‘J’he. oli~,inal  lSSC thcwnal slmp  was (lesi~,llc41 to ]mvi(lc a ?.() W/K co]duc[allce.

aud a 5.8 IMin sJ)I-in~,  late. in the. radial dilcdim],

Wl)cm the 1SS(: was I)hysically inte~,late~i  onto tllc cal]istc.]  111 }1’ and Illd]anically  attae.hcxl to
the. the.rmal strap, the. expander piston was found to c(mtad tlw cold flll~,e.]  si(lc. wall. With the
tllcr[ nal st l-al) (xmnczticm  a(ljustc41 to a f] CC ]mit  ion a n d  tllc.  systc.In undc]  vacuulri  at I ooln

tc.mpcratulc., the. contact rcalq~calcd  whc.n the. IIiston tlavc.lcd  to 80% Of IIiaxill[urn  stlc)kc.,



‘1’al)]c 3. l’Icdictcd  ccdd-tip loads for lhc ol-i~,i]]al  and IImdificxl  llIc.I IIml  shiq}  dcrsi~,ns.

1 mid

Vac.uuIII induce4i  lid load - 0.01?” cold-lilj  tImvc.lIIcrIt

‘1’lIc.I  IIml c.oI]tractio]l  load - 0.020’{ ccmtt action of “1’1<1’

‘1’otal atlticipatcd  1 .oads

Unan(ic.ipatd  mechanical intc~,l at ion load - l’Idoad

‘1’otal  1 .oad
-. —

Mar~,in @ 1.4 lb, max. acceptahlc, load

‘1’lIc contact mnained  tlllougll  the, ‘1’1<1’  mass cooldown to a})jl]oxilnatc.ly  80 K. ‘1’lIe. ccmtact

01 ip,illal
(11))

0.?5

0.43

0.68

>1.1

>1.4

()%

Mod ific41
(It))

0.12.

0.?0

0.32

0.51

0.83

40%

pc.rsiskd with the systm warmed up to Iom tc]npcraturc, but still mlcr vacmun.  W h e n
backfilled to mbit.nt pmsurc,  the c.ontadinp.  ctisappcarcd,  and tllCVi ]cal)pcamd when vacuuln
credit ions were. re.e.stablishd.

‘1’IIc. mcasuld  dcflcdion  at the cc.ntcr  of the. 111 H’ due to vacuum was on tlm wdc.r of 0.00’7”,
W],ic,]) r~sll]t~~  in a c,al~ll]at~~l ]SS(: cold-ti~)  I]lO\lCUllC.l’lt Of 0.01 ?”. ‘1’hc dc,ftection due. to tlwnnal
c.CJIitIadioIl  of the.  sinlula[ed  ‘1”}<1’ mass was cdculakxl  to h on ttm cmle.r c)f 0.02.0”.

‘J’abk  3 sumlnal-ims the. plc.dictul  cold-tip loads for exch of tlm contributive. fol cm for botlI tlIc
orig, inal and  nmclifie41  the] mal strq) de.sif,ns. ‘1’lm  “unantic.il)atcd  loads” arc the result of
unavoidable,  but slIlall  ali~,nmcult  cl IOIs intloduc.cd  wlm] medlanic.ally  iIltc.~,Iatin?,  the. tllc.r[]lal

stIap into the. syskm, A lc.sscm karnd is that this load must bc. allowcxl  for when sj)ccifyinf,
tile. ac.c.q)tablc. thermal sh ap sprinf, rate. ‘J’hc CXHdusio]i  was that tllc. 1.4 lbs ]naxin]u]]i  side load

impcmd cm the. expander cold-tip by tk orip.inal thermal stra]] was too lar:,c.

It was  shown that due  to tile. c.]osc  tolcrdllccs  wittlin  tile. ISSC, ttlc  total combination of forczs
f]o]l~ tllc.  tlw.rlnal  stral) l)rcloact,  the.] mal contraction lc)ads and ttlc aclditioIlal  force c.Icated  by t}m.
c.anistcr  lid cle.flecticm,  was sufficient to cause. contact. “1’k fol cc. imposed by the thermal strip
~)1 c.load c.ou]ct  not bc directly measured, but tl]c. Slilall amcmnt  of fmcc Icsultilip,  from the. 111 H’
dc.fktion indicated that the ori~,inal thermal stral)  was ~Jl oducin~.  unaccc.ptablc  side-load fm cm
that rcsulkd  in c.cmtact under vacuum conditions. Althou@~  tlm caliistc]-  vacuum would liot rc.suit
ill l id (Ic.flcwticm  once.  i n  s p a c e .  (7CI o diffcx cnt ial ])1 cssurc), the. ]clativcly  small amcmnt of
additional foIcc. c]eatcd by tllc  vacuum i]lclicatcd  that the. tlm n]al stm~)  s]ninp,  constant was toe)

hi~,ll.

ILccalculatinp,  the. Icquire41 the.rlllal COnctuctancc. and vc]ifyin~, ]na]g,in  adequacy cnat)lc41
considcvation  of rcxlucint,  the. cross-sectional alca of the. tt]c.rllial  stlq)  to lowc.I tllc. Icsultant sidc.-
load force on tllc cold-tip. ‘lu,~ s~llltions  WC.IC l)IOJKMCXI:  I~411]cing,  t}lc,  uoss-scztio]lal  area Of
the. e.xistinp, coplm foil the.rmal stl-ap;  and usill~, an altev[late.  thcI Inal stldp  based Oli a copper
t)Jaid tllatc.rial  as the. flexible clme.nt. ‘1 ‘lm goal was to im case. tllc mc.challic.al  ccmlpliancc  at
the c.x~xmsc. of somewhat lower thermal cmnductallce., and tlmcby  to Ic.duce. the side-load force
i mposcd  on tllc. cold finf,cI.



a). ori~inal  dcsi~,ll. b). h4[)(lificd dcsi~,t).

h’i~,urc  9. ‘1’IIcI trial Stl:il)s  1[)1” tllc (S1 flll~,llt’s  1SS(’.

‘1’lIr o]i~, inal dcsip,ll, shown in l:if:. h, w a s  fol 2 ltlclmal  Icxis[ancc of (),5 K/\]’ and c(msislc(l

of 39 laycls  of O,(KM” x 1.5” of O1; ll(: co]I]m,  ~,ivitl~’,  a total Cross- scc[iondl aIL2 of 0.?34  ill’.
‘1’hc laycIs  aI cxch  ml o f  t h e  strap WCJC  sokkvd top,clhcr.  Addi!im:illy, t h e  ‘1’1<1’  illlcl fw’
lIolc.s welt’ slot(cd to C.ll:it)lc.  ali~,lllncl)t  acljus[nwlts. l’i~,ulc 9(J slIows tlIc. dcsip,l]  corIccl)t al(cl
Inocliflcati(jlls  (hat Jcsultc41 in a tlIcImal  Icsislancc. o f  1 . 1  K/\Y and 11.ad 3fl Iaye.rs o f  O.()(M” x
().’S” of 01:}1(: coi>~xt; the. lcsul[in~,  tolal elms-scc[ion:il aIca is 0.109 ill?.

(’onsidc]a(ion was also ~,ivcn  10 an altclnate  dcsi~,n that involvd  the Ilsc of 32 com])limt Co])l)cr
braids 1 in. in lcn~,th  whmc  dc.sif,n  was talp,ck+ a! a thcr II)al Icsis(anw  o f  1 K/W. ‘Itw clds
of  the CO])IK7  blaids  were .  sol(k’Icd aIId boltc.d  to cqy)cr Iup)s. l’i[’,ulc 10 sho~t’s tlIc l}lodiflcd
dc.si~,n  and identifies tllc. Tcfc.mncc  axes used in ‘1’at)lc 4. ‘1’ab]c  4 is a colll]n~lison t)ctwccn  IIlc
111casuIc41  tllcl Illal s(la]) s])] illf, rates fol the Orir, intil, modifltxi  arid aitc I [Iatc-brai(i desif’, ns. 1( call
bc swn t h a t  the  II~casuIc41  frceflct si)linp, ]atc. of tlIc al[cll);ite-t)l-ai(l  concr[)t  in tlIc Y-Axis is
cx(IcInrly  stiff. A s  a ~~’suit  tilis dc.si~,l~ was not umi.

‘1’tlc fl](xli~]cd llIcI III:il strai) u:is l~ins[allc[i i n t o  ll)r (’S1.. ‘1’IIL’I  L: R’as I lo contact  I)L’IW’L’C.11  (ilc
(iis}~laccl and col(i cylindcl  sidewall aftcl instal lat ion of tl)c st]ai), 01 af(cl at(achirl:,  the  (11;3’ aII(i

cstabiishinp,  vawum  conditions within  t h e  mnistcr. ‘1’llc tncchallical  systc.1)]  w’as vibldtc.(1 to
])](~toflifl,llt  qualif]calion  lcvc.]s  aI)d sut)jcctcd to the tlicrlllai  vac.uLltIl  test ufithou!  inci(ictl!.

‘1’: IIIIc 4. hlcasu]c(i  tl]cll))al st]a]) s])]i]]:, ]atc. fol

blaid dcsip,lls.

-4”1- -4 “’ b-
}ll(. tl Sf)llltd(; [{A1[ VI I{ Y[l[XI[!l[

(h i:,i[litl
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‘J’able 5. Compariscm  of Inass of ccmlcm vs. the.] mal lnass Iquilcd  for heat tmsfcr.

—-.—. . . .. ———.  — .—

kid shield  cooler 11 eat pipe cooler

2.3 Kg ( 5,0 lb) 2.3 Kg ( 5.0 lb)-.. .
5.7 Kg (12.6 lb) 7.6 Kg (16.6 lb)

.—..—- .,: ——–:::  z ----- .: . .. . . -.—— .:=.. -
8.0 KE (17.6 lb) . . 1 9.8 Kg (21,6 N))

MASS CONSI1)lLRA’J’IONS

Anc)thcr  systcm intcp,ration  issue. dmls with the. mass of the. lSSC. “1’0 rcducz the, mass by

a]yroxi matcl  y 15%, t h e . w  secol~d-p,cl~e.rati{)l]  CI yocmle.rs  am using  ilite.gral  back-toback
comprc.ssor-  and integral Lrack-tc)-back cx]~al]clc.r-(lcsiF,i]s. ‘1’hc  pmblcm is that, although the.
nlass/volu m has bcm reduced, cons idcrat  ion nlust bc given to the. thermal paths nccdcd tc)
conduct away the waste heat resulting from the input e.lcztrical  power. 1 (or the CSli, the thcrml
path to the. radiator, the U1 H’ of the canister, re.sultcd  in a si?,nificant  mass penalties for each c)f
the three coolers, Shown in “~able, 5 is the mass of each cooler  and the additicmal  mass of the,
e.oppc.r thermal path ne<ded to maintain acmptablc  cockx operating te,n~pe.rature.s.

It should bc. noted, howe.vcr,  that there arc reasons for initially cxcludinf, the. weight of tlm
thm mal path in a cryocoolcr mass calculation: 1) the required mass is dcpcnclcnt  upon the.
distant.c from the cmn]mssor  and expander to the heat rcjxtion  surface; 2.) the required
opcrat  i ng tc.mpcrat  urc (lower tcmpc.mt  u re, larger cross-scztional  area) varies with the mission
and radiator dc.sifyl; ancl 3) the anlbie.nt  tcmpcrat  urc to which the. heat is beinp.  rejected  also
varies with dc.sign. ‘1’he kcy to an optimum solution is to recogyizc  that these. factors will have,
to bc addr-csscxl  during the systcIn inte.~,1 ation and tcl include a substantial rnar~,in  for mass.

CON’J’AMINA’J’JON/l’AltA Sl’J’JCS

(hlc of the issues on a short mission is the e.ffcd of contaminants fIonl  the surrounding
c.nvironmc.nt  in the proximity of a cryogenic expmirnemt. On a short shuttle ftight (typically 7
to 10 days), thcrw may not be, adequate ti mc. for contaminants to dissipate in the vacuum
e.nvir onmmt. Since. contaminants will migrate. towarcl  the coldest re.~,ions,  parasitic thermal
r~diation  loads will incrcasc,  and the, test  results may be negatively affected. ‘J’o minimiz.c
contaminants and thermal radiation 10 SSC.S from the simu]atcd  ‘l’J{l’, an Ml ,1-covcrtii,  anodized
alulninum shiclci  is maintained at 12.0 K by a tactical cooler.

]’rior to installation in the canistcx’,  the mechanical syshm was vacuum baked at } ]u&,hes’ tc)
rc.rnovc  all contaminants. ‘l’he canis[cr was them backfilled with clean, clry nitrogen gas at
approxi lnatc.1  y 3 psi~. ‘1’his “clean” condition will bc maintained within the canister until after
launch when the shuttle bay doors arc opened. At this ti mc the vent valves located on the.
cani stcr lower end plate will bc opc.ncd to establish vacuum conditions and the e.xperimcnt
timclinc  will bc starlc~i.

S}7S’I’JHVJ {)l’ltIIA’J’IONS/SC)  I(”J’}$rAl<It

‘1’hc CSI i is cmtmllcd  by firmware., pro~rammablc read cmly nicmory (1’ROh4s),  in the Jlif$t
clcctrcmicx  and is dcsip,nc~i  to automatically follow a se~luc.nce. of pro~rammed  stc.ps. ‘1’hc CS1 i
soft war c p,atllcm and storm sc.nsor data, c.o[lt rols and sc~lue,nc,e.s  the 1SS(: ancl tactical coolers to
turn on and off, monitors an(i controls the opemting  paramc.tcm  of tile ISSC, and p~ovictcs  an
o~wator inter Pzce. for the Cxpc.rimcnt  ti II)C.I  inc.



Usin~ Customer (imunci  Support 1 ‘quipmcnt  (CGSl i), an operator is ab]c to monitor the progress
of (11c cxpcrimcnt during the. flight. Additionally, the operator can also use. tlm CCiSIL to alter
or modify the baseline systcm  opcrat ions at any ti m during the. cxpcrimcnt  tinwlinc.

‘llm fimwam control approach permitted the desif,n  of the cldronics,  typically a long-lead
itm, to procmi twforc all the rcquircmcnts  and the. e.xpcrimcnt  cprating  pammcte.rs  were
Conlpldd y dcfincxi  ! l>urinf,  systcm  intcjyation, collections to the time.iinc and revisions to tile.
expc.ri  mcnt  cqw.rat ions were able to bc incoq)oratcd  into the firmware without having to niodify
the. hardwal c..

Controlling the systcm opcmtions  by software allowed for maximunl ftcxibility  in cicfining  the
systcm cx~)c.rinmlt,  the systm  operational sc41ucncc, and the opcmti n~ parameters of the lSSC
coder. } ‘or an c.xpcrimc.nt  whose goal is to evaluate an cnablinc  tcdmdo:y,  this fkxibilit y was
invaluable.

1 Ucztrical  intcrfam requirements for shut[le  flisht cx])cIinmnts  arc ]clativcly  straightforward, and
the.  CSli used the NASA-GSl@ }Iitchhiker  C u s t o m e r  AcccJIl~ll~oclatio[~s  & l{czluircn~cnts
S]mi  ficat km. “1’hc focus, for tertiary Class 11 cx}mrimcnts,  is on shuMc and personnel safe.t y;
fusinp. is provided to protezt  the. shuttle, not the cx]minlcnt. 1 ‘rem the cxpcrimcnt’s  point of
vic.w, the source currc.nt is Ii mited ml y by the fuse.s. ‘J’hc primary issue. is whether or not to
provide c.xpcrimcnt  safeguards and circuitry to preclucic  excessive curIcnt that could result in
a Mown fuse, and pc)ssitde data loss or inability to complctc  the cxpc.~i  mcnt.

11 UF,lIC.S chose  to follow an altc.rnat  ivc path: characterize the ckztrical  hadwarc, understand the
opcraticmal  timcline.  to prec]uclc. operational sequences that coulci rcsu]t in cxccssivc  currents, and
utilize. clmtronicx  ha Tdwarq sof tware  and  f i rmware .  t}]at would allclw rc.lativcly easy
rcprop,ranlming  of the cxpcrimmt  timclinc, liinal]y,  }lu~hcs validated the cxpcrimcnt  during the
thermal vacuum test by following the c.xpcri me.nt  operational t i mclinc.

Ncvc.rthc]ess,  a key concern was the potential for the “simulated shuttle power source” to
provide cxcc.ssivc  current or voltage to sensitive circuits during electrical checkout and syslcm
intc.grat  ion. “J’o preclude subjcding,  the. fli@t fuses to clcztrical  strc.sscs  induced by shorls  or
low-rc.sistancc  paths, 1 lughcs utilized laborato] y pmvc.r supplic.s  that included both current- and
voltaf,c-limiting  capability. ‘J’hcse,  power supplies proviclcd protc.cticm  for the flight fuses on
scvc.ral occasions when the. CS}l  c.x])cric.need system shutdown and reset moclc.s durinp, the.
chcc.koutj integration ami initial thcrmai vacuum tcsti[ig.

1 ‘or the prc-integration  c]ecl  rical c.hcdmut  at GSI:C, J 1 up,i]c.s has rc~lucstcd powc.r  supp]ics  that
inclu(ic  both current- an(i volta~,c-limiting  capability. After intcgmtion  on the cross-bay earl-icr
with otimr e.xpcrinmnts,  tim CSlt wili rcccivc power, which will not bc limited, throu~h  the
1 litchhikcr avionics. For subsequent prc-ftight  clcztrical  checkout at KSC, power will continue
to be supplied through the }Iitchhiimr  avionics.

SAFJC’J’Y

l’mssurizd Componcnfs  vs. l’reswrc  Vmscls

I/or the (31;, an impc)rtant  safety issue was the classification of the cryocoo]crs  and heat pipe.
‘1’hc.sc.  componcmts  were examined by 11’1, usinp,  critcl-ia  from NS’1’S 1700.711  that a(i(ire.ssc.s
~)rcssure  VCSSCIS,  ]mssurinxi  cc)nl]wnc.nts,  and pipin~, tubinp,,  an(i filti  nf,s. With ccmc.urrencc
from the Johnson Space, Ccntc.r, the cryocoole.rs  anti hcatpipc  wc.rc classitic~i  as prcssuri~c{i
components. As such, both cryocoolcrs  and the heat pipe. rcquircfi  only proof te.stinp,.



‘J’alJlc  6. Chbital  comparison bc.twcm  CS1 i and 1,1’1  i.

2.8.5 “

.-

“1’k CSlj orl)it  crosses (Ile SAA and spcIIcts - 5% of its
time in the SAA during a ‘1-day  period.

‘1’he 1,1’11 orbit  crosses the SAA ad spends -2 % of its
time in the. SAA durill~ a 7-ctay  pcriocl.

—.

“l”his classification resulted in a significant cost savings to the P1ojcct. It meant that the l’rojcct
was exempt from providing additional items spmifieally for burst testing and life-cycle. testing,
in addition to the. cost savings, there. were savings associate41  with prcpamtion time for the l;light
Safe.ty Reviews and the e.xtcnsivc traceability (paperwork) rc~uircxl  to validate pressure vessel
qualification

Radiatio])  lh+osurc  Due to tlm Natural Space lhvironmcml - Risk Minimization

A challe.n~,e  for the CSI i was in procurin?,  a cent ml and data accluisition  system  that would
function in the natural space, cmvironmcnt. Candidate. vendors were restricted to those, having
previous shuttle expcricncc;  two canc]iclatcs  were located, onc on the West coast and one on tile
lkst coast. “l’he West coast candidate was SC.lCMXI cm the basis of lower cost and proximity to
}Iughcs.  Aclclitionally,  since J}’], had usd ‘1’itan  clectlonics  for their I mnbda Point l~xpcrimcnt
(1 ,1’1 i), it was hcticvcd that usc of this flight-proven, off-the-shc]f cicsign  would result in
mini mum clc.ve.lopmcnt  costs for CS1 L

Sinm the shuttle flight ancl orbit  were not known at the time of procurcmcnt, ancl because. the.
electronics were a long-lead itcn~,  the specification was released using the 1.1’1  i natml  space
cmvironnwmt. When the shuttle flight and orbit were announced, it was lcmwd  that the, orbit
was hishcr ancl the inclination was greater than original] y anticipated (see, ‘J’ab]e 6), resulting in
a significantly more scvcrc  radiation environment. ‘1’he Cl-W will  be subjected to a proton flux
2 to 3 times greater than 1 ,1’li,  although the cosmic I-ay environrmnt for both Inissions  is sinlilar.

“J’k ky issue was not total integrated radiation dosage, which for a 7- 10 day shuttle,  missicm
was negligible, but rather, susceptibility of the cle.ctronics  to Single 1 ivcnts  l}ffects  (SIH i), a
combination c)f Single 1 hat lJpsct  (S1ilJ)  and Single. IIvcnt  1.atchup  (S}iI  ,).

A 32K x 8 SRAM hat! bcc.n catcf,orizcd as “ hiF,h risk, ” being, very soft to both SllJ  and S1 H,;
ancl approxi matcl y 40 parts had bczn identified for which no S1 H i susceptibility data wcm
available at J]’].. Rcp]acing these park  within the CS1} control and data acquisition systcm
would require. a major redesign that was unacce])tat)lc  in tcr[n.s  of both cost and schedule.
Substitution c)f equivalent radiation-harclcned  parts  was not practical based upo[i lack of
compatibility, lack of availability, ancl relative.ly high cost.

‘J’cstin?, tc) validate. acccptab]c  performance in the. nat ural space environment was too costly, ancl
not consistent with the dclive.ry  schciiu]c. Aclclitionally,  measured performance of the parts
woulcl  nc)t rcscdvc the issue, only proviclc more. ctctailcd  knowledge about the ])arls,

An asscssnm]t  tean~, consisting of circuit (lcsigncrs/sys[c[~l  erlg,inecrs  from the }Iughcs  CS1 1
l’rojmt, and e.ledronics  parts rc]iability and natural space environment (racliation)  s]xxialis(s
from J]’],, was tastcezl with resolving the problem. ‘1’heir approach was to: 1) clctcrrninc  the
shuttle. c.xposure. profile to the South Atlantic. Ancmaly  (SAA), 2.) rc-c.stimatc.  the. radiation
e.nvironmcnt  ancl CSI i shielding im~)acts,  3) dcwcloJ)  a better unctcrstancting  of the. questionable.
parts, associated manufacturers and circuit tcchno]ogy,  4) reduce  the parts list by discarding non-



susc.c])titrlc,  parls and assess risk of S1iU and Slil.  for those rcn~ainin  S, 5) identify suspect part
flight histories and radiation data,  6) identify and assess impact of hardware ancl softwalc
modifications for cnhanccd immunity, problcm dctcrinination  and rccovcry, and 7) establish and
compare the. radiation environment bc.twccn I .1’];  and CSI L

‘1’hc CSI i shuttle exposure. profile. consists of SAA exposure durinf,  approximately 5 % of the
mission, usually in blocks of 9 consemtivc.  orbits, with cosmic rays acxountinf, for another 5%.
‘1’hc, cnvironlncmt  is sewcrc  enough (5 - 100 MeV) to cause S1 KJs in non-qualific<i  parts (pal ts
havin~, a thrcshoki of 0.4 McV arc cxpectcd  to cxpcric.ncc  0.1 upsets pcr 24 -hours of exposure.).
Shiclciin!,  was founci  to provicic little inlprovcmcnt.

1 electronic parts pare down rcsulteii  in eliminating a nunlbcr  of parls  and identifying 21
rcnlaininS parls with unknown susceptibility. of these 21 remaining parts, 10 were climinatc~i
by }Iu$,hcs duc to circuit function (resets or loss of which is insignificant). Iiurthcr review by
I lughcs of S1 H 1 circuit opcraticmal  impact (hard wardfii~ht  soflwarc  modifications) in(iicateii  that
the. use of t.ms architecture preclu(icd  mcanirrgful  assc.ssn~cnt, anti that no cost-cffedivc
mociiflcations  were i(ic.ntified.

‘1’hc. 1 ,1’1; exposure. to raciiation was less scvcrc. I ,1’1 { IlaT(iwarc  flew at 135 nautical miles (rim)
vmus  2.00 nm expected for CS}i, At this altitu(ic,  the. radiation environment intc.nsity  (proton
flux) (ioub]cs with each 100 nm increase in altitu(ic. ) J’]!, cxpcrie.need S1 iLJs.

‘J’im assessnm)t  team indicateli  that 11 icle.ntifiexi ])arts lnay cxpcricnce.  S1 ~Us ( <0.1 S1 ;(J pcr 24
hours of exposure, total mission exposure dctcrmincd  to bc. 7 hours, 42 minutes). It is costly
an(i late in the program to ret refit a change (Class 1 J cxpc.rimcnt  assumes mana~,eablc  risk). ‘Iio
minimim risks associated with the SAA, the assc.ssmc.nt  team rczommcn(icd  modifications to
f,rounci supporl procedures to: 1) allow operator intervention an(i custom comman(iing,  2) utilize
])ower stanciby or power off mo(ics  during SSA exposure (30-n~inutcs down time maxi Inure), anti
3) targ,e.t knip,n  cxl)cri]nc.nt  operations during SAA cxpcmre.  (critical [iata gathering to occur
(iurinp,  non-exposed orbits).

“1 ‘im lc,sson  lcarncxt is that when a l)rojczt cannot  affor(i ra(iiat  ion-hard electronics, it is ne.cc.ssary
to uncicrstan(i  the natural space e.nvironmcnt  base~i upon the shuttle flight inclination an(i orbit
as early as possible. to allow for a complc.te  asse.ssme.nt  of the sin~,]c  e.vent effects u~m the
electronic parts.

l~clial)iiily/Q{  lnlily  Assuratm  - in-1’rocm Cllccks/I1)sl)cc(ioll  ]’oinfs

A chal lem~,c  with any nc.w cic.sign is the e.stab]i  shmc.nt  of mcanin~fu]  and ti mcl y in-process
inspections points, as well as performance. an(i verification checks. Sonic of the checks that
were pcrformd  on the CSI i inclu(icxi  mechanical inspections and fit chc.cks  of the harci ware
during fabrication, ‘J”lmc checks minimized the mechanical integration problems associated with
a  filst-tinw builci. other checks that were. performed inclu(ic~i  the verificxition  of sensors,
continuity checks on the systcm  cabling, an(i electronic checkouts. Aci(iitionally,  the software
was developed and chezkc~i  out using an emulator prior to the final cicsign bc.ing burnc<i  into the
flight pproc.cssor.

in some cases a(iditional  checks and inspcxlion  points were cstab]ishcd after problems had bcm
ci i scovcrcxi. Onc. exanlplc  occurrcii  durin~  the mc~hanical  integration of the thermal strap
bctwccn the. ISSC c.xpancicr colci-tip  and the s imulated “1’1<1’, plcviously  ciiscusscii.  The
l)iston/cylin(icr  contact signal  was nmnito]-cd to vali(iatc  that the thcrlnal stl-ap  was rcinte.gratc~i
in a position with no si(ic lc)a(is.

Another  e.xamp]c  occurrcxi  when tllc vibration constraints wc.rc ati(ie~i to ti~c cryococ)lcr
c.xpancicrs  after the RS tactical cooler e.xpandcr  failc~i (iuring,  the vibration test. In this case, the



.

tactical cooler  input power was mcmitcmxi for any chanf,cs during the reassembly proms. An
increase. in input power was indicative that a side. load confi~ura[icm  existed, and the constraint
nmdcd adjust mnt.

‘1’o minimize  prob]cms  associated with the CSIL nlc.chanicd integration, 1 Iuchcs fabricated a full-
sc.alc mockup of the, c.xpcx-imcnt  canister and t hc nmhanical  components. A non-flight UJ W was
Nscd as a tc.n~pIate  for fit checks of the flight  structural nmnbc.rsj cryomoler  heat sinks and
nmchanical  component clearances during hardware fabrication, An additional benefit of the full-
sc.alc mockup was in being, able to chink the. clec.trical  cable rmte.s and lengths prior tcj
installation of the commtors.

‘J’hc  lcssoJl  learned was that a well-thou~ht out inspection and in-process verification plan,
couphxt  with a full-scale mockup, saved valuable amounts of ti mc in a fast-track program by
anticipating problcm areas, idcmtifying critical assemblies and proccsm,  and verifying that the
asse.l~~l~ly/])roccss  was correct before proceeding with the final assembly. Additionally, when
a prob]cm did occur, revisiting the inspection timclinc.  and revising inspmtion  points wc.re.
included as a part of the corrc~tive  action  process to j~rczludc the problem from reappearing.

SUhflh4Al{Y

“J’hc  NASA 1 N-S”I’Ill’ CS1 i has proviclcxt  an opportunist y to identify and resolve a number of
cryop,mic system  interface intc.f,ration  issues that normally would not be addmscd  until  a
cryogenic cooling systcm was se.lcztcd for integration into a multi-year space mission. It is
hoped that the chal]cngcs  and problc.ms e.ncounte.rcd  in the systcm  integration of these enabling
technologies will provide insight to systcm designers of il~~a~illp,-il~  strlil~~c[~t  systems
incorporating lon~-]ifc  cryop,c.nic cooling systems.

‘1’hc  work dc.scribed in this paper was carried  out by IIughm Aircraft Company, 1 ilc~tro (jptical
Systems, under a contract with the Jet l’repulsion I aboratory,  California lnstitutc  c)f TcLhnology,
under a contract with the National Aeronautics and Space Administration.

l’arlicular  credit is due, R-adford Wolf, l’hil  Mayncr, and 1 )avc Gilman  of IIughcs,  W11OSC
dedication and dili~c.ncc  in idc.ntifyin~  and resolvinc the issues and challenges is deeply
appreciated.


